Introduction {#Sec1}
============

Primary health care (PHC) system is the key component of almost any health system in the world. Large numbers of researches \[[@CR1],[@CR2]\] have shown that a good PHC system not only improves population health, but also bridges the gaps in health caused by the disparities of socio-economic states. However, as a result of low health human resource capacity and underinvestment, primary health care in many low and middle-income countries has been neglected \[[@CR3]\]. PHC has its own merits that include greater focus on preventative, improved access to basic care measures to maintain wellbeing and manage health problems before they become severe and/or life threatening \[[@CR4]\]. For the rapid development of China, PHC is also important.

Although China has made rapid development in economy in recent years, it is still a developing country with a GDP per capita of \$6076 \[[@CR5]\] and more than 1.3 billion people \[[@CR6]\]. China once established an enviable PHC system which was inexpensive and was a good model for other countries before market reforms in 1978. More than 90% of the population was provided with nearly universal health insurance and health care was easily accessible to patients through barefoot doctors \[[@CR7]\]. In order to enhance the efficiency in the health system, a market-oriented reform was introduced in the health sector in 1978. Firstly, government introduced a competition among the three-tiered health service facilities to establish a competitive health service market; secondly, patients needed to pay the health service providers directly out-of-pocket. In order to get the maximum profits and survive in fierce competition market, the health facilities enlarge their scale, update their equipment, and enroll excellent physicians to attract patients. This resulted in an excessive concentration of health resources and patients at the third-tiered health institutions \[[@CR8]\], the phenomena of a rise in medical costs, excessive use of drugs, advanced diagnostic tests and a decline in the use of PHC. Thus health disparity gap between the poor and the rich became gradually wider \[[@CR9]\]. However, the government made a decision to establish a convenient and affordable PHC system through community health facilities in urban areas at the end of 1990s. The government hoped to take examples by the successful health care system of the countries which reduce health inequities across populations through a strong PHC system \[[@CR10],[@CR11]\].

Even though the reforms have made PHC renewal to some extent since 1990s, the problems of 'difficult access to medical services and expensive medical cost' have still not been solved, and even became more serious in recent years. In addition, there have been few reports on the number of health workforces and distribution of health workforces in PHC facilities in China. Luo et al. \[[@CR12]\] conducted a comparative study on the number of health workforces between Anhui and the nation from 2004 to 2010, but they did not evaluate the distribution of health workforce. Wang et al. \[[@CR13]\] analyzed the number of health professionals and the distribution of health professionals in China between 2006 and 2009. They found the number of health professionals increased and the inequality in health professionals improved from 2006 to 2009. But they just evaluated parts of PHC facilities.

Jiangsu is an eastern coastal province of China, which had 79 million people in 2012. The total gross domestic product of the province was about Ұ5000 billion RMB in 2012, ranking in the second place of all provinces in China. As an eastern big province, the government of Jiangsu province has clarified its goal of establishing a strong PHC system. Human workforces in PHC system would be the key factor in determining their performance. The purpose of this study was to compare the number of health workforces and the trends in distribution of health workforces in PHC facilities in Jiangsu before and after the reform of the medical and health sectors in 2009. The results of the study would be helpful to reflect effect of the reform on the distribution of health workforces and can be references for the government to formulate health personnel development policies.

Methods {#Sec2}
=======

Setting {#Sec3}
-------

Jiangsu province consists of 13 cities, and each city consists of many administrative divisions such as districts, counties, towns and villages. PHC facilities spread over the administrative region at different levels. The community health service organizations (CHOs), including both health centers and health stations, mainly locate in districts and counties in urban areas, while township health centers (THCs) and village clinics distribute in towns and villages. At the same time, polyclinics and other clinics play necessary complementary role in providing PHC to students and teachers in schools, staffs in enterprise and general population. PHC facilities in China must inform the National Health and Family Planning Commission (NFHPC) every quarter about the health workforces by national health information network reporting system \[[@CR14]\]. Both of the NFHPC and health department of every province publish data on the development of health human resources of corresponding province every year by statistical yearbook. The data about health workforces used for analysis in this study came from the compilation of health statistical data (internal materials) of Jiangsu province. Demographic and population data were from the province statistical yearbook. In the present study, health professionals consisted of practicing physicians, assistant practicing physicians, registered nurses, pharmacists, technicians and medical interns. Even though county doctors and hygienists provide PHC in rural areas, they just accepted short-term medical training, and they were not included in health professionals in yearbook. Practicing physician and assistance practicing physician were designated as physician, and registered nurse was aliased as nurse.

Analysis {#Sec4}
--------

Trends in the number and the distribution of health workforces in PHC facilities were compared between 2008 and 2012, and the physicians-to-nurses ratio and the physicians-to-health professionals ratio in each year were calculated. The health workforces-to-population and health workforces-to-area ratios in each municipal administrative area of the province were analyzed.

Three indicators were calculated to evaluate inequality in the distribution of health workforces in PHC facilities, fundamentally based on the ratios of health workforces to population and area in each municipal body of the province. We plotted the Lorenz curves and calculated inequality indicators: the Gini coefficient \[[@CR15]\], Atkinson index \[[@CR16]\], and Theil index \[[@CR17],[@CR18]\]. These indicators were initially used to study inequality of income or wealth, and they have been applied to analyze the distribution of health workforces such as general physician distribution \[[@CR16],[@CR19]\]. Three different indicators would make the time trend of inequality more robust. *Distribution Analysis Stata Package (DASP)* \[[@CR20]\] was used to calculate the inequality indices and plot Lorenz curves.

Inequality indicators {#Sec5}
---------------------

### Lorenz curve and gini index {#Sec6}

The Lorenz curve is now commonly applied to evaluate the inequality in the distribution of health care resources \[[@CR15],[@CR21]-[@CR23]\]. The Lorenz curve compares the distribution of an interest variable with the uniform distribution that represents equality. This equality distribution is shown by a perfect line, and in fact it is the diagonal line. The greater the Lorenz curve lies from this line, the greater inequality the distribution of interest variable is. In this curve, the cumulative share of the population ranked by the interest variable in an increasing order is generally shown on the X axis, and the cumulative share of the interest variable on the Y axis. In our study, the X axis illustrates the cumulative percentage of population and area of each city in the province and the Y axis showed the cumulative percentage of health workforces in PHC facilities of each city.

The Gini coefficient is one of the most commonly used indicators of inequality \[[@CR15],[@CR16],[@CR21]\], which is derived from the Lorenz curve. The Gini is equal to the ratio of the area between the Lorenz curve and the diagonal line, to the whole area below the diagonal line. The Gini coefficient ranges from zero (perfect equality) to one (maximum inequality).

### Atkinson index {#Sec7}

Atkinson index links a social welfare function to a concept of equality, which is one of the few inequality measures that explicitly incorporate normative judgments about social welfare \[[@CR16]\]. The Atkinson index is derived by calculating the equity-sensitive average interest variable (*y*~*ɛ*~), which is the level of per capita health workforces that if equally distributed would give the same level of social welfare as the actual distribution of health workforces. The index is given by the following formula:$$\documentclass[12pt]{minimal}
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                            \end{document}$$where *Y*~*i*~ is the proportion of total number of health workforces within the *i*th group, *μ* is the average of health workforce, and *ɛ* is used to assume the level of inequality aversion which reflects the strength of society's aversion to inequality (or preference for equality). It ranges from 0 to infinity. When the parameter *ɛ* \>0, it shows that there is a social aversion to inequality (or a preference for equality). As the value of *ɛ* rises, relatively more weight is attached to transfers at the lower end of the distribution, and relatively less at the upper end. The more equal the distribution of the interest variable, the closer *y*~*ɛ*~ will be to *μ* and the lower the value of the Atkinson index. The coefficient *ɛ* in present study was set at 0.5 to calculate the Atkinson indices.

### Generalized entropy index {#Sec8}

General entropy index involves a different conceptual basis based on the entropy concepts which is used in information theory. The index \[[@CR17]\] is defined as$$\documentclass[12pt]{minimal}
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                            \end{document}$ The parameter *θ* represents the allocation of weight which is given to different population groups, and the most common value of *θ* approaches 0 or 1. When *θ* approaches 0, relatively large shares are distributed to the population groups which have the small number of health workforces, and generalized entropy index is also called the Mean Logarithmic Deviation (MLD). While *θ* approaches 1, the same share is assigned to different groups, and now the generalized entropy index is called Theil index. In present study, we calculated Theil index.

Result {#Sec9}
======

Time trend in the number of health workforces in PHC facilities in Jiangsu {#Sec10}
--------------------------------------------------------------------------

Even though the base figure of provincial population had been growing since 2008, both the total number of health workforces and the average ratio of health professionals to population had been increasing every year (Figure [1](#Fig1){ref-type="fig"}, Table [1](#Tab1){ref-type="table"}). The number of health professionals had been increasing by about 4,800 (4.5%) ever year, and the number of health professionals per 10,000 population has increased from 13.94 to 15.92 in the past five years. From 2008 to 2012, the physician-nurse ratio was about 1:0.54 \~ 0.61 in PHC facilities. That exhibited a decreasing trend before 2011, while it rose obviously in 2012. The physician-health professional ratio was about 1:1.95 \~ 2.15, which showed a similar trend with the ratio of the physician to nurse.Figure 1**Time trends in numbers of health workforces in PHC facilities in Jiangsu.** Numbers of health workforces in PHC facilities from 2008 to 2012 are shown **(A)**. Increment ratios in numbers of health workforces compared with those in 2008 are also shown **(B)**.Table 1**Health workforces in PHC facilities in Jiangsu from 2008 to 2012YearPopulation (\*10000)Health professionalsPhysiciansNursesPhysician/nursePhysician/health professionalNo.No./10000No.No./10000No.No./10000**20087676.5010702613.94517156.74282663.681:0.551:2.0720097724.5010839014.03519346.72290763.761:0.561:2.0920107865.9911246014.30522806.65310453.951:0.591:2.1520117898.8011476914.53536626.79328544.161:0.611:2.1420127919.9812608115.92646298.16350944.431:0.541:1.95\*indicates multiplication.

Time trend in measures of inequality of health workforces in PHC facilities {#Sec11}
---------------------------------------------------------------------------

Three measures of inequality showed similar trends from 2008 to 2012 (Figure [2](#Fig2){ref-type="fig"}). From 2008 to 2009, the measures of inequality in the distribution of health workforces improved slightly, while from 2009 to 2012 the measures declined rapidly, especially for the distribution of health professionals and physicians in PHC facilities. For nurses, the three measures of inequality across population declined until 2011, and worsened slightly in 2012.Figure 2**Trends in Gini coefficient, Atkinson index and Theil index for the distribution of health workforces between 2008 and 2012.** Measures of inequality for health workforces based on population **(A, B and C)** and area **(D, E and F)** are shown.

Distribution of health workforces in PHC facilities of all cities in Jiangsu in 2012 {#Sec12}
------------------------------------------------------------------------------------

We analyzed in detail the distribution of health workforces of all cities in Jiangsu in 2012. In terms of population, the mean number of health professionals per 10,000 population for the whole province was 15.92, but this ranged from a low of 4.84 (in M city) to 20.25 (in H city), a 4.2-fold difference (Table [2](#Tab2){ref-type="table"}). The provincial average of the nurse per 10,000 population was 4.43, with a range from 0.92 in M city to 5.92 in H city and a 6.5-fold difference. Analysis of the health professionals based on regions' classification showed that the central area had the highest number of health professionals and physicians per 10,000 population, including 16.95 and 9.18 respectively, and the highest number of nurses per 10,000 population was in the south of Jiangsu. The north had the lowest number of health professionals (15.46 per 10,000 population) and nurses (7.17 per 10,000 population) among the three regions. The ownership of physician was relative low in the central.Table 2**Health workforces per 10,000 population and per square kilometer in PHC facilities in each cities and districts of Jiangsu in 2012CategoryPopulation (\*10000)Area (km** ^**2**^ **)Health professionalsPhysiciansNursesPopulation (No./10000)Area (No./km** ^**2**^ **)Population (No./10000)Area (No./km** ^**2**^ **)Population (No./10000)Area (No./km** ^**2**^ **)City** A816.106587.0015.221.896.880.854.670.58 B646.554627.0013.761.926.560.924.240.59 C856.4111259.0017.591.347.930.605.210.40 D468.684372.0017.871.928.730.945.260.56 E1054.918488.0016.232.028.191.024.550.57 F729.738001.0015.451.418.490.773.870.35 G440.697615.0016.390.957.530.445.440.32 H480.3010072.0020.250.9710.410.505.920.28 I721.6316972.0016.230.6910.170.433.140.13 J446.726591.0017.451.189.070.615.110.35 K315.483847.0017.201.418.930.735.260.43 L462.985787.0018.841.5110.380.834.510.36 M479.808555.004.840.273.580.200.920.05**Region** Southern3301.7227921.0015.821.877.700.914.690.55 Central1639.4320379.0016.951.369.180.744.390.35 Northern2978.8354473.0015.460.858.110.444.170.23**Total/average**7919.98102773.0015.921.238.160.634.430.34\*indicates multiplication.

With respect to area, there was an average of 1.23 health professionals per square kilometer, ranging from 0.27 (in M city) to 2.02 (in E city), a 7.4-fold difference. Among them the physician and nurse occupied 0.63 and 0.34 people per square kilometer. The number of nurses per square kilometer ranged from 0.05 (in M city) to 0.59 (in B city), with an 11.5-fold difference. The number of health professionals per square kilometer (1.87 persons per square kilometer) in the south was more than double the number (0.85 persons per square kilometer) in the north. The south had 0.91 physicians and 0.55 nurses per square kilometer, while the north only had 0.44 physicians and 0.23 nurses per square kilometer.

Lorenz curves of the distribution of health workforces based on population and area {#Sec13}
-----------------------------------------------------------------------------------

Lorenz curves both based on population and area are represented in Figure [3](#Fig3){ref-type="fig"}. In 2012, the curves representing the health workforce based on population were closer to the diagonal of equality than the curves based on area. The curve corresponding to the health professional based on population was closer to the diagonal, compared to the curves representing the physician and nurse. On the contrary, the curve representing the nurse based on population or area was the furthest from the diagonal of equality.Figure 3**Lorenz curves of the distribution of health workforce based on population (A) and area (B) in PHC facilities in Jiangsu for 2012.**

Inequality in the distribution of health workforces of Jiangsu in PHC facilities in 2012 {#Sec14}
----------------------------------------------------------------------------------------

The levels of the Gini coefficient, Atkinson index and Theil index were not comparable since they were constructed in different ways, but the inequality indicators were relative low values of these measures (Table [3](#Tab3){ref-type="table"}). The values of Gini coefficient, Atkinson indices, Theil indices across area were larger than those across population.Table 3**Measures of inequality of health workforces based on population and area in PHC facilities of Jiangsu in 2012Health workforcesGini coefficientAtkinson indexTheil indexBased on population** Health professional0.09060.01480.0256 Physician0.10810.01210.0227 Nurse0.12820.02470.0420**Based on area** Health professional0.23890.05260.0975 Physician0.20900.03780.0722 Nurse0.27530.07580.1367

Discussion {#Sec15}
==========

The current study was the first provincial study that assessed the trends in the distribution of health workforces in PHC facilities since the latest health reform in China. The results showed that the number of health workforces presented a slow growth from 2008 to 2009, while after 2009 the number of health workforces grew rapidly. Similar trends were found in the measures of inequality for the distribution of health workforces, especially for the distribution of health professionals and physicians between 2008 and 2012. The most potential explanation for these trends in the number and the distribution of health workforces was the health reform in 2009. In 2009, a new wave of reforms was set in motion in China's health care, in which the proposal to rebuild a good PHC system occupied a central role \[[@CR24]\]. If the goal was achieved, primary health care system would play a gate-keeping role in reducing the medical cost burden arising from uncontrolled and irrational use of expensive health services by providing medical care, disease prevention, health promotion and education, rehabilitation and birth control. To achieve these objectives, China's government had taken several measures in this reform. First of all, there would be 127 billion dollars funded specially to develop infrastructure and human resources in PHC facilities. Secondly, mechanisms for bidirectional referral between PHC facilities and upper-level hospitals would be established to separate their different roles in health care \[[@CR25]\]. Finally, PHC system would change the state of dependent on sales of drugs, and governmental subsidies and service charges would become their major income \[[@CR26]\]. These policies offered health workforces material guarantee, clarified their job responsibilities and effectively promoted the development of PHC facilities. However, although the number of nurses was rising over the study period, the measures of inequality of nurses worsen in 2012. Similar results have also been concluded in other studies. Isabel and Paula \[[@CR27]\], analyzing the equality in geographic distribution of physicians and its evolution in Portugal, concluded that the impact of the growing number of physicians on geographic distribution during the period studies was small. In a study from Japan, Toyabe \[[@CR28]\] found that the total number of physicians increased every year in the period from 1996 to 2006, but all three measures of mal-distribution of physicians worsened after 2004. These results implied that a significant increase in the supply of health workforces does not necessarily lead to improvement of the inequality in the distribution of health workforces. On the contrary, the distribution of health workforces may be worsen, because new health workforces may prefer large health facilities rather than small and remote facilities. Further research is needed to determine true reasons for these results.

Although the physician-nurse ratio generally showed a rising trend between 2008 and 2012, the ratio was about 1:0.54 \~ 0.61, which was far below the international standard (1:2 \~ 4). Compared with the international standard, the disproportionality between physicians and nurses in PHC facilities in the province was serious. Many studies reported similar results in China. Zhang et al. \[[@CR29]\] investigating the 80 organization and 1494 doctors and nurses in community health service in five city of Jiangsu province, found that the ratio between doctors and nurses was 1:0.76. To evaluate the equity of human resource allocation of community health services, Yao et al. \[[@CR30]\] reported that the physician-nurse ratio was 1:0.625 and the proportion of nurses was low. In a comparative study on the number of health workforces in PHC facilities between Anhui and the nation from 2004 to 2010, Luo \[[@CR12]\] found that the physician-nurse ratio was about 1:0.4 \~ 0.8 in Anhui, and in nation the ratio was about 1:0.4 \~ 0.6. These results showed that there was a shortage in absolute number of nurses in PHC facilities. Unclear duties of health professionals in PHC facilities may play an important role in this shortage and disproportionality. Unlike many western countries, in China many jobs which should be taken by nurses were done by physicians, especially in PHC facilities. Gong et al. \[[@CR31]\] suggested that the international standard that the physician to nurse is 1:2 \~ 4 should be applied in China cautiously. So suitable criteria for China should be established and could not be completely in accordance with the international standard.

Further analysis of the distribution of health workforces in different cities in 2012 revealed that there were 6.5-fold variation in the number of nurses per 10,000 population and 11.5-fold variation in the number of nurses per square kilometer. These may be why the curves representing nurses were the furthest from the diagonal of equality. In addition, the average number of health workforces per population and square kilometer in the north was lower than other two regions. This might be related to regional social and economic development. Assessing the pure and social disparities in the distribution of dentists across the provinces in Iran, Kiadaliri et al. \[[@CR32]\] concluded that there were strong positive correlations between density of dentists and better social rank. While the economic development of the south and the central area were higher than the north and the local governments might invest more to develop the PHC service. This suggested that the provincial government policy should be relatively inclined to the northern to keep equality in PHC service.

Health workforces from PHC facilities were equitably distributed based on population in the province between 2008 and 2012, while based on area health workforces distributed relatively equitably. When all the measures of inequality indices were examined, these became apparent. Similar results have been concluded in the past in other districts in China, such as the Wuhan, \[[@CR33]\] Xizang, \[[@CR34]\] and Hubei \[[@CR30]\]. Yao et al. \[[@CR30]\] thought that the reason of these differences was that when the governments formulated health policies and strategies, they always referred per capita possession as standard of planning and construction of PHC facilities. If the allocation of health resources across area was neglected, it would be not convenient for people to get equal access to primary health care services and increase the workload of health workforces \[[@CR33]\]. For the general layout planning of PHC facilities, the government needs to give consideration to local geographical factors to promote service efficiency of PHC facilities.

One limitation of this study was that the measures of equality of health workforces were not adjusted by health status, health service needs and health service utilization. Inequality indicators may be affected by these factors. In addition, due to acceleration in the intergration of the rural and urban areas, the distribution of health workforces was analyzed throughout the province not in urban and rural regions separately. We could not decompose inequality indices into the contribution of its determinants to further evaluate the distribution of health workforces. Therefore, the inequality in the distribution of health workforces derived from the intra- and inter-cities needs to be further elucidated in future studies.

Conclusion {#Sec16}
==========

The number of health workforces in PHC facilities in Jiangsu increased every year from 2008 to 2012, and the inequality in the distribution of health workforces showed a decline trend during that period. The health reform in 2009 might play an important role in these trends. However, there was disproportionality between physicians and nurses in PHC facilities in the province, which was mainly due to a shortage in absolute number of nurses. Many initiatives for primary health nurses should be implemented, including generous admission policies, recruitment of trained nurses, and more learning opportunities. The distribution of health workforce based on population was more equal than based on area. Health statistical data provide an economic and useful way to evaluate the impact of health reform on the primary health care. If China solved the problems of 'difficult access to medical services and expensive medical cost' by the primary health care system, she would once again become a good example for other countries.
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